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STUDY OP PLUTONIUM 


AND FISSION PRODUCTS 


Introduction 


Plant^iB^uranium^hat ^ heins P roces sed at the Paducah 

ThS material vii?^ ^en recovered from Hanford reactors. 

Se ID th : F “ 4 PlMt “ “' U « - 

- , . . rre3enXecL ln xills report are some of the Dro-oert-1 **£ 

available UtS d t the fiSSi ° a products > and a brief review of the 
vmlable literature regarding their disposition in processes 
that are conducted at this plant. processes 

“ ° f th * fU T cr ' Pro-Ju^ts emit considerable penetrating 

f^S’thy P ?° nl T ls “ “=rgetlc alpha emitter, it if 
iff that this review should be made In order to familiarly 

!ff “?, maintenance personnel oonoerned vltH of 

the conditions vhich may be encountered* 

It ia wel! known that decay products from Uranium, UX, ard UX 
w 11 be present In major amounts m parts of the Feed pXnt”^ 

ns^ss:*s: raai * uon >»£ 


Dls.cuss ion 


P?!hf^^ d rea0Vered ^"erial which will be used at the Padlic&h 

S?f , t0 the foJLlov ing specifications as far as gin; 

Odium and the fission products are concerned: 

All anaiyses are to be made on a four lot composite from 
Ear ip bar/ and a carload composite from Hanford. 

Plutonium - The maximum acceptable concentration is 
ten parts plutonium per billion parts uranium. 

Gamma Activity - The specification for individual com= 
posites is that the gamma activity due to fission pro¬ 
duces is to be less than 300 $ the gamma activity of 
agea normal uranium. Likewise, the average of ten 
successive composites is not to exceed 100$ the gamma 
activity of aged normal uranium. 

Beta Activity - The beta activity due to fission prb- 
ucts is not to exceed 100$ the beta activity of MM 
normal uranium. ® 


" i ® 3 ~ ; ' n Products which may he contained. in the 
resevered uranium are as tabulated beloC: *~ nXor “ 













Isotope( IQ Half Life 


Isotope(4) Half Life 


Ce 144 

S75 d 

Sr 89 

55 d 

Cs 137 

33 y 

Te 137 

90 a 

tfb 9S 

35 d 

Y 9i 

57 d 

Ru i03 

42 d 

Zr 9S 

35 d 

Ru i0e 

330 d 




S! f ^ Sslon Products, ruthenium is expected to he present in 
he larges„ amount(/). Ruthenium pentafluoride has been prepared 
from the me.al and fluorine at 536° F. ( 9 ). Under conditionrSf 
operation in the feed plant this compound would he expected to he 
soSS' ^ thenium . Pentafluoride melts at 223° F. and hoils at 

0f ruthenium pentafluoride in uranium " 
hexafluoride Is 20.3 mol per cent sit 1^6^ F (i) 

From the above properties a large part of the ruthenium would be 

expected to accompany the uranium through the feed plant and into 

the cascade. However, due to the extreme reactivity of the penta- 

yr? vari0U£ caetals and uranium hexafluoride decompositioj 

S 2 denosit rr a part ° f the rutben ium 

illdepofiitu the feed plant equipment. This has been shown to 

the case in Oak Ridge pilot and feed plant experiments where a 

large par. of the ruthenium was found in the area between the 

reactor and the barrier filter ( 5 ). Any ruthenium that might be 

vaporized or mechanically carried over to the cascade from the 

vaporisation baths would be expected to remain near the feed point. 

^ + tiU ?Vr r * Um ' 2eSiUm ' ionium, and the rare earths are 
important fission products that form non-volatile fluorides ( 7 ) 
Therefore, these elements will be found in the ash receiver and 

* r tD a lesser extent in any deposits which form 
In the fluorine tovers. 

Tellurium hexafluoride is a very volatile compound that would 
easily be formed in the feed plant. Its boiling point is 32 ° F , 
Tellurium tetrafluoride melts at 266° F. and boils at 392° F ' 
Both these compounds react slowly with copper and nickel, forming, 
In the case of copper, copper telluride and cupric fluoride (8). 
xbese reactions are not expected to occur to any extent, and as a 
result, tellurium should remain with the uranium hexafluoride. 

Plutonium hexafluoride has properties very similar to uranium hexa- 
i uoride. figure No. 1 gives vapor pressure - temperature relit !mi 
ti^o nlUa ? xide ia converted to the hexafluoride with fluorine at 
= F ; Piar.onium hixafluoride boils ah 144.1° ?. (2); Uranium 
hexafluoride sublimes with a pressure of 6 hi atiospiEefe at l||. 7 ° f . 














A sample of UAP processed material containing 970 ppb. Pu vas 
fluorinated at different temperatures in an effort- to determine 
tne fate of the plutonium during feed plant operations. Approx¬ 
imately 25$ of the plutonium vas found in the reactor, 5 $ on the 
barrier filter, and up to 12$ in the uranium hexafluoride under 
conditions approximating those of the feed plant. The remainder 
of the plutonium vas unaccounted for; however, the data indicates 
that at lover fluorinating temperatures ( 750 ° F.) a higher percent¬ 
age of the plutonium will be found in the ash. From this experi- 
ment and others, it is expected that some plutonium hexafluoride 
wixi De formed and will accompany the uranium (5), 


Experience in the K-llJl Plant has shown that after running eleven 
days on Hanford material, plutonium in concentrations up to 70 ppb. 
can be expected to be found in deposits in the lines leading from 
the toyers. No information vas found as to the plutonium content 
of K-llJl product (10). 


In order to determine the fate of plutonium in the cascade, several 
experiments were performed at K-25. A B-4 pump loop vas equipped 
vith a single four foot barrier tube and the loop vas charged with 
uranium hexafluoride made from UAP produced at Oak Ridge National 
Laboratory. Operating difficulties prevented continuous circulation. 
Results obtained over a 100 day period failed to show any significant 
change in the plutonium concentration in the gas phase (6). 

An 0RNL slug containing 15-20 ppm. plutonium vas fluorinated directly 
from the metal to uranium hexafluoride. The uranium hexafluoride 
was collected in a cold trap and then transferred directly through 
a a test loop which consisted of a single barrieh 

tu e vith a *W pump for circulation. The cold trap vas then washed 
thoroughly,and an analysis of the uranium in the acid wash solution 
shoved that it contained 10 ppm. of plutonium. Initially the gas 
samples taken from the loop averaged 0.052 ppm. plutonium. After 50 
days the loop vas shut down. The barrier contained 0.02 ppm. plu¬ 
tonium. This represents no enrichment over the gas phase plutonium 
constituent (6). 


On the furnace stand at K-25, a size 5 converter vith an Allis-CbalSefl 
blower for circulation was charged with uranium hexafluoride made 
from UAP which vas produced at 0RNL. This vas allowed ter circulate 
76 days. A statistical analysis of the data showed no significant 
change in the plutonium concentration. Conclusions based on these 
experiments were that any plutonium present in the K-25 diffusion 
plant.stream Would be in a stable form such that no deposit laid 
down in any reasonable length of time will ever be distinguishable 
by direct counting from an equivalent uranium figpoSit containing 
no plutonium (6), 

Conclusions 

Ruthenium may be expected to accompany the uranium during processing 
in the feed plant except for some concenthatich of these fSaterialS 












In i-he barrier dust, gas lines from the f luorination towers and 
*che condensation equipment. The ruthenium which acoocxpanies the 
uranium hexafluoride into the feed cylinders will remain there 
except for that which is carried into the cascade by entrainment. 
The amount which enters the cascade will deposit near the feed 
point. 


Any tellurium that is present in the uranium oxide will be ex¬ 
pected to accompany the uranium throughout processing. 

xhe fission products strontium, cesium, zirconium, cerium, and the 
rare earths which form non-volatile fluorides, will concentrate in 
the reactor trays, ash hoppers of the fluorination towers, and the 
barrier dust filter. Some entrainment of the non-volatile fission 
products by the uranium hexafluoride is to be expected. All of 
these materials which carry over into the cascade should deposit 
on the barrier surfaces near the feed point. A low degree of con¬ 
centration of the non-volatile fission products will occur in the 
feed cylinders and the feed lines to the cascade. 


The chemical and physical properties of plutonium indicate that it 
will accompany the uranium during processing in the feed plantj 
however, experimental data from small scale fluorinating systems 
indicate that a low percentage of the plutonium contained in the 
uranium feed material will accompany the uranium hexafluoride 
product. This experimental data is inconclusive since much of 
the plutonium remains unaccounted for. The plutonium which enters 
the cascade will hot deposit to an extent that would create 
spots". 

RMormnenda.t.I ons 


Although the information available gives a basis for predictions as 
to the behavior of the fission products and plutonium in the cascade 
and feed plant, the behavior of these elements should be provbh Mofe 
conclusively by actual sampling and determination of the fisstbh 
products and plutonium in different places throughout thb piafiti 

The points which should be sampled are the following: 

1. The uranium oxide feed material. 

2. The barrier filter or cyclone separator between the 
fluorine tower and cold traps in the feed plant. 

5- The uranium hexafluoride as it is emptied from the 
cold traps to the storage cylinders. 

If any plutonium or fission products are found in 
the feed plant product, additional samples should 
b§ tafccfi bf the cascade feed, tails j and pfb&dSti 
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